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Gliomas are the most common primary malignant brain tumors in adults, and they can occur anywhere in the central nervous system but primarily occur in the brain and arise in the glial tissue.\[[@ref1]\] Standard treatment of glioblastoma consists of maximal safe tumor resection followed by external beam radiation therapy (EBRT) with concurrent and adjuvant temozolomide (TMZ) chemotherapy. This multimodality treatment yields a median survival of 14.6 months, with 2- and 5-year survival rates of 27.2% and 9.8%, respectively.\[[@ref2]\] To cure or even to improve the survival of patients with glioblastoma beyond 2 years remains an elusive goal.\[[@ref3]\]

The pattern of recurrence following concurrent chemoradiation indicates failure in or adjacent to the initial RT treatment volume, suggesting that enhancing the effectiveness of RT could lead to an improved therapeutic response. A number of strategies for modifying the delivery of RT\[[@ref4][@ref5][@ref6]\] have been tried, without an improvement in survival. The use of drugs to modify radiosensitivity in patients with glioblastoma has been extensively studied.

There is evidence that malignant gliomas are driven by epigenetic aberrations.\[[@ref7]\] Histone acetylases and deacetylases (HDAC) are important in the epigenetic control of tumor cells and are involved in the regulation of cell growth, differentiation, and oncogenesis. Inhibition of HDAC causes tumor cell differentiation, apoptosis, and growth arrest.\[[@ref8][@ref9]\] Histone deacetylase (HDAC) inhibitors have been shown to sensitize cancer cells to ionizing radiation while protecting normal cells and tissues from deleterious effects of RT.\[[@ref10]\]

Valproic acid (VPA), a commonly used drug for treating epilepsy, has emerged as a promising agent for cancer treatment in recent years. It has also been identified as a potent selective HDAC inhibitor (HDACI), which induces cellular differentiation, growth arrest, and apoptosis in gliomas and other types of cancers.\[[@ref11]\]

VPA has been tested as an HDACI in numerous preclinical and clinical trials for solid tumors and leukemias.\[[@ref12][@ref13]\] It has also been evident in recent investigations that VPA enhanced the apoptotic cell death by TMZ in human glioma cell lines.\[[@ref13]\]

The aim of the study was to evaluate the effect of VPA on survival in glioblastoma patients receiving adjuvant chemoradiation.

Materials and Methods {#sec1-2}
=====================

Newly diagnosed patients of glioblastoma aged 18--75 years with Eastern Cooperative Oncology Group (ECOG) performance status of 0--3 were started on VPA (15--20 mg/kg/day) for seizure prophylaxis following maximal safe resection.

All patients received EBRT to a dose of 60 Gy in 30 fractions with 3DCRT/IMRT technique, 5 fractions per week along with concurrent TMZ 75 mg/m^2^/day during RT. Radiation target volume was defined as T1-contrast tumor volume with a margin of 1--1.5 cm encompassing the peritumoral edema.

Baseline investigations including blood counts, liver and renal chemistries, and chest radiograph were done. Any seizure episode or any other adverse event leading to break in treatment was documented. During treatment, blood parameters were monitored using weekly blood counts, liver and renal chemistries.

Patient characteristics analyzed were age at diagnosis, ECOG performance status, radiation therapy oncology group recursive partitioning analysis (RPA) class, extent of surgery, number of cycles of adjuvant chemotherapy given, seizure episodes during and post--RT, and requirement for additional antiepileptics.

Statistical analysis of progression-free and overall survival (OS) was done using Kaplan--Meier survival curves using SPSS statistical software (Version 20) (IBM).

Results {#sec1-3}
=======

A total of twenty patients were enrolled for the study. The median age was 47 years (range 19--68 years). Male:female ratio was 3:1. Most common presentation is headache in 15 patients, seizures in six patients, and hemiparesis in four patients. Other symptoms were vomiting, altered sensorium, urinary incontinence, and speech disturbances. Most of the patients were evaluated at a local center by computed tomography (CT) or magnetic resonance imaging. Most of the patients showed a heterogeneously enhancing mass lesion with edema. Five patients had noncontrast-enhancing lesion. They later underwent maximum safe resection with subtotal excision being done in most of the patients (50%). Most patients had postoperative CT scan done on the day of surgery to rule out bleed. Patient characteristics have been documented in [Table 1](#T1){ref-type="table"}.

###### 

Patient characteristics
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All patients completed the planned course of chemoradiation without any significant treatment interruptions. All patients received concurrent chemoradiation with TMZ (75 mg/m^2^). It was well tolerated without any grade 3/4 toxicities. Most patients received 500 mg twice daily dose. There were no significant toxicities related to VPA, namely, hepatotoxicity or hematological toxicity. Median number of cycles of adjuvant chemotherapy given was 2.8.

Eight patients experienced seizure episodes, two during the chemoradiation and six during adjuvant chemotherapy. Clobazam (5--20 mg orally once/twice daily) was added in the eight patients and subsequently tapered and stopped after control of seizures.

Median OS was 16 months \[[Figure 1a](#F1){ref-type="fig"}\]. Median progression-free survival (PFS) was 10 months \[[Figure 1b](#F1){ref-type="fig"}\]. Age was significantly associated with survival outcomes. Median survival of younger patients (age ≤45 years) was 25 months versus 8 months in older patients (log-rank *P* = 0.002) \[[Figure 1c](#F1){ref-type="fig"}\]. Patients with RPA class III, IV, and V had median OS of 18 months, 11 months, and 6 months, respectively.

![(a) Kaplan--Meier survival curve of median overall survival. (b) Kaplan--Meier survival curve of progression-free survival. (c) Kaplan--Meier survival curve with age as covariate](SAJC-7-159-g002){#F1}
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Despite extensive research into multimodality management of glioblastoma, the outcomes have been dismal. The prognosis of glioblastoma multiforme (GBM) has not improved significantly over the last few decades despite increases in the number of treatments available.\[[@ref14]\]

In our study, 6 out of twenty patients presented with seizures. Approximately 30%--50% of glioblastoma patients will experience seizure episodes before surgery and 6%--45% experience seizures after diagnosis.\[[@ref15]\] There is evidence to suggest that these patients with a history of seizures have a better prognosis than patients without seizures, which raises questions about whether the antiepileptic drugs (AEDs), especially those with antitumor functions, play a role in this process. Many considerations support thoughtful use of AEDs in patients with gliomas, including the resistance of the seizures, drug-to-drug interactions, and side effects.\[[@ref16][@ref17]\]

In our study, median OS was 16 months, and median PFS was 10 months. Age was significantly associated with survival outcomes. VPA has shown to be associated with improved survival in glioblastoma patients in many retrospective and a few prospective studies.

An EORTC trial\[[@ref18]\] to study the effect of VPA on survival in glioblastoma patients treated with chemoradiation concluded that VPA-treated patients may have better outcome than patients receiving enzyme-inducing AEDs. This may be due to the interaction between VPA and TMZ along with RT, inhibition of HDAC by VPA, and VPA-induced autophagy of glioma cells. Better acetylation of histones allows greater effectiveness of chemotherapy with TMZ during radiation.

In a study published by Barker *et al*.,\[[@ref19]\] patients receiving VPA and TMZ during RT had a median OS of 23.9 months compared with 15.1 months in patients not receiving VPA. There was also a greater prevalence of seizure history among the patients using VPA compared to other AEDs. There was a higher incidence of seizures in our study (40%) on prophylaxis with VPA. Seizure control was achieved by adding another antiepileptic in some patients which was later weaned off with control of seizures.

The reason that VPA use could possibly prolong the survival time of glioblastoma patients is still unclear, and many complex mechanisms have been postulated. Wen and Schiff\[[@ref20]\] suggested that VPA could possibly increase the bioavailability of TMZ by decreasing its clearance by 5% whereas phenytoin being an enzyme inducer will result in increased clearance of the drug.

A prospective phase 2 study by Krauze *et al*.,\[[@ref21]\] evaluating the effect of VPA in glioblastoma patients treated with concurrent chemoradiation, showed a median OS of 29.6 months and PFS of 10.5 months. The VPA dose in their study was 25 mg/m^2^. There was a 32% grade 3 or 4 hematological toxicity. Our study did not reveal any grade 3/4 toxicity probably due to lower doses of VPA. Similar to our study, this study also showed that younger patients had significantly better overall and PFS.

A recent pooled analysis of survival association of AED use at the start of chemoradiation with TMZ combined patient cohort (*n* = 1869) data from four contemporary randomized clinical trials in newly diagnosed glioblastoma.\[[@ref22]\] Contrary to the results from the retrospective data available, they concluded that VPA use at the start of and after chemoradiotherapy was not associated with improved PFS or OS compared to all other patients pooled. Based on their results, the use of VPA or levetiracetam for reasons other than seizure control is not justified outside of clinical trials.

Fay *et al*.,\[[@ref23]\] in a subsequent correspondence, suggested caution against drawing firm conclusions from the pooled analysis, as the trials included were not equipped to answer the question of whether VPA improves survival in GBM. Dose of VPA was not controlled or reported for in these trials. There is emerging data that higher doses may be required for potential anticancer benefit with VPA.

Limitations of our study include the small sample size, no randomization, and the lack of information regarding MGMT promoter methylation, IDH1 mutational status, and other potential prognostic factors.

The indication and choice of AED in the perioperative period depended on the local practice. The duration of use of AEDs before RT was not recorded.

Conclusions {#sec1-5}
===========

Median survival of the patients in this study was 16 months with younger patients showing a significantly better median OS of 25 months. VPA was well tolerated with concurrent and adjuvant chemoradiotherapy with no grade 3/4 toxicities. Further large prospective randomized trials should be conducted taking into account all the prognostic factors for validating the benefits of VPA on survival in glioblastoma. Dose for the maximum anticancer benefit of VPA needs to be further investigated.
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